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COMPENSATION METHOD FOR OVERLAPPING PRINT HEADS OF 

AN INK JET PRP4TER 
FIELD OF THE INVENTION 
The current invention relates generally to the field of inkjet 
5 printers and plotters and more specifically to those printers and plotters with 
multiple print heads. 

BACKGROUND OF THE INVENTION 
Inkjet printers and plotters fall within a class of non-contact type 
printing where an image is formed on the surface of the medium by depositing 
1 0 droplets of ink fi’om nozzles onto the print medium. The ink droplets are formed 

by heating a small portion of ink and selectively expelling it firom a nozzle located 
on the face of a printing element or print head. Each print element or print head 
will have numerous nozzles from which ink droplets are expelled. A typical print 
head will have a column of more than 100 nozzles. 

1 5 The vertical height of a strip of ink droplets a printer deposits in a 

single pass of the print head over the media is referred to as the swath height of 
the printer. The time it takes to print a sheet of paper of a fixed dimension will be 
the number of passes the print head would have to make to cover the vertical 
length of the paper, which depends on the swalh height. Printing processes may 
20 also involve several passes over the same swath height for various reasons not 
directly related to this invention, but the print time for a sheet in these processes 
will also be dependent upon the swath height. 

In some printers, the swalh height of one particular color of ink is 
increased by mounting more than one print head for that color on the printer 
25 carriage. By mounting another print head in a manner such that its nozzles are 
vertically offeet from the nozzle locations of the first print head, the swath height 
of the printer for that color is effectively increased, thereby allowing fewer passes 
and faster print times for a given size paper. Generally, the two print heads are 
arranged so that the upper few rows of nozzles on the lower print head overlap the 
30 lower few nozzles of the upper print head. The region of swath height that can be 
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covered by nozzles from both of the print heads is referred to as the overlap 
region of the print heads. An example of an overlap region could be a ten nozzle 
region of two overlapping print heads each having 1 00 nozzles so that the 
effective swath height of the two print heads together would be 190 nozzles. 

5 Due to manufacturing constraints the relative position of the 

second print head cannot be guaranteed to be exact with respect to the first print 
head. If the nozzles of the second print head are not exactly aligned with those of 
the first print head, image quality will be diminished. If the misalignment is 
significant enough, visible discontinuities may develop. Common discontinuities 
1 0 include banding, which may aiise from either veitical or horizontal misalignment, 

or both. Mechanical devices have been described in the art that can move one or 
both of the print heads to correctly align them. These systems are problematic 
and expensive as they require mechanisms for displacing the print heads and 
control circuitry to run the mechanisms. Also, systems that alter the nozzle firing 
1 5 timiug of nozzles have been developed for use with the mechanical systems to 

correct horizontal misalignment of two print heads. 

Additionally, the droplets from the nozzles of each print head tend 
to be xmique to that print head due to a number of variables such as differing 
specific resistor heating characteristics and nozzle size differences. Because ink 
20 droplet deposition is unique to each nozzle set, the change from the droplets 
deposited by the nozzles on one print head to those of the other print head can 
also degrade the quality of the resulting image. These problems are compounded 
where the swath height of a printer is further increased by adding more than two 
printheads. 

25 SUMMARY OF THE INVENTION 

A method and system are described for inkjet printing utilizing a 
printer having at least two print heads, by dividing an image to be imprinted upon 
a print medium into a plurality of raster lines with each one of the plurality of 
raster lines comprising a plurality of pixels. The printer then expels a plurality of 
30, ink droplets from the at least two print heads and onto the print medium 
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corresponding to the plurality of pixels such that not all of the plurality of raster 
lines are formed only by one of the at least two print heads. 

In another embodiment a method of depositing an image onto a 
print medium by a printer having at least a first print head and a second print head 
5 is disclosed, the method comprising depositing a plurality of drops of ink from the 
first and second print heads along a plurality of lines of print onto the print 
medirun such that a number of the plurality of drops of ink comprising at least one 
of the plurality of lines of print are deposited from both the first print head and 
the second print bead. 

10 Another embodiment disclosed is a method of depositing an image 

onto a print medium by a printer having at least a first print head and a second 
print head comprising depositing a plurality of drops of ink from the first and 
second print heads along a plurality of lines of print onto the print medium such 
that a number of the plurality of drops of ink comprising at least one of the 
1 5 plurality of lines of print are deposited from both the first print head and the 

second print head. 

In yet another embodiment, the previous embodiments a further 
developed by controlling a sequence of the expelling of ink droplets form each of 
the more than one print heads independently such that the sequence of expelling 
20 from a one of the at least two print heads may be altered relative to the others of 
the at least two print heads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of one type of an inkjet printer 

system; 

25 Figure 2 is a schematic representation of the placement of two print 

heads with respect to one another; 

Figure 3 is an illustration of the ink droplets deposited in a single- 
pass full color fill by the overlapping region of a printer having two correctly 
aligned print heads that has printed several columns along the swath direction; 
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Figure 4 is an illustration of the ink droplets deposited in a single- 
pass fixll color fill by the overlapping region of an ink jet printer having two print 
heads that are horizontally misafigned; 

Figure 5 is an illustration of the ink droplets deposited in a single- 
5 pass full color fill by the overlapping region of an ink jet printer having two print 
, heads that are vertically misaligned; 

Figure 6 is an illustration of the ink droplets deposited in a single- 
pass full color fill by the overlapping region of an inkjet printer having two print 
heads that are horizontally and vertically misaligned; 

10 Figure 7 is an illustration of the ink droplets deposited in a single- 

pass full color fill by the overlapping region of an inkjet printer having two 
correctly aligned print heads that uses dithering to improve the print quality; 

Figure 8 is an illustration of the ink droplets deposited in a single- 
pass full color fill by the overlapping region of an ink jet printer having two print 
1 5 heads that are vertically misaligned utilizing dithering to improve the image 

quality; 

Figure 9 is an illustration of the ink droplets deposited in a single- 
pass full color fill by the overlapping region of an inkjet printer having two print 
heads that are horizontally and vertically misaligned, and where dithering is used 
20 to improve the image quality; and 

Figure 10 is an illustration of the ink droplets deposited in a single- 
pass full color fin by the overlapping region of an inkjet printer employing an 
example of dithering and timing offset to correct horizontal and vertical 
misalignment. 

25 DETAILED DESCRIPTION OF THE DmiNTION 

Embodiments of the invention will now be described with 
reference to the accompanying figures, wherein like numarals refer to like 
elements throughout. The terminology used in the description presented herein is 
not intended to be interpreted in any limited or restrictive manner simply because 
30 it is being utilized in conjunction with a detailed description of certain specific 
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embodiments of the mvention. Furthennore, embodiments of the invention may 
include several novel features, no single one of which is solely responsible for its 
desirable attributes or which is essential to practicing the inventions herein 
described. 

5 The present invention is advantageously applied to ink jet printers . 

Accordingly, an overall description of a typical large format ink jet printer is first 
provided with reference to Figure 1. Referring now to Fig. 1, a printer carriage 
assembly 10 is supported on the top face of a printer housing 12, which is a part 
of a typical printer device. The housing 12 may be supported by a pair of legs or 
10 an overall printer housing (not shown) and advantageously encloses various 
electrical and mechanical components related to the operation of the 
printer/plotter device. 

This exemplary printer may have a pair of roll holders 14 mounted 
to a rear side 16 of the housing 12 that is slidable to accept media rolls of various 
1 5 widths. The roU may be of continuous print media (not shown in this Figure) 

mounted on the roll holders 14 to enable a continuous supply of paper to be 
provided to the printer/plotter carriage assembly 10. Other designs may include 
individual sheets of media that may be fed into the rear side 16 of the housing as 
needed; alternatively automatic sheet feeding designs that are common in the art 
20 may be used as well. The housing 12 may advantageously have a topside 17, a 
portion of which advantageously forms a platen 18 upon which the 
printing/plotting is performed by select deposition of ink droplets onto the print 
media. The print media is preferably guided from the rear side 16 of the housing 
10 under a support structure 20 and across the platen 18 by a drive mechanism, 

25 which may be a plurality of drive rollers 1 9 that are advantageously spaced along 
the platen 18. 

The support structure 20 is preferably mounted to the topside 17 of 
the housing 12 with sufficient clearance between the platen 18 and the support 
structure 20 along a central portion of the platen 18 to enable a sheet of print 
30 media to pass between the platen 1 8 and the support structoe 20 . The support 
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structure 20 advantageously supports a print carriage 22 above the platen 18. The 
support structure 20 may include a guide rod 24 and a coded strip support member 
26 preferably positioned parallel to the longitudinal axis of the housing 12. The 
height of the carriage 22 above the print media is preferably controlled to a tight 
5 tolerance and may be adjustable. Accordingly, inkjet printers have been 

constructed to allow for manual or automatic adjustment of the carriage 22 height 
above the platen 18 in order to accommodate different print media thicknesses. 

The print carriage 22 includes a plurality of printer cartridge 
holders 34 each with a printer cartridge 40 mounted therein. The print carriage 22 
10 preferably includes a split sleeve 28, which slidably engages the guide rod 24. 

This enables motion of the print cariage 22 along the guide rod 24 and defines a 
linear path, as shown by the bi-directional arrow in Fig. 1, along which the print 
carriage 22 moves. Advantageously, a motor (not shown) and drive belt 
mechanism 38 are used to drive the print carriage 22 along the guide rod 24. It 
1 5 should be noted that the terms horizontal and vertical will be utilized in this 

application to refer to the positions of the print heads with respect to one another; 
with the horizontal direction being along the length of die guide rod 24 and the 
vertical direction being along the height of the swath. Each print cartridge 40 
preferably is designed to interact with the print carriage 22 to house nozzles that 
20 deposit the ink droplets onto the print medium. The correct alignment of the 
nozzles of one print cartridge 40 with respect to those of the other(s) is desirable 
for high quality image production. 

Figure 2 illustrates an exemplary positioning of two print heads 1 , 

2 with respect to one another, utilized to increase swath height As previously 
25 discussed, it is understood by those of skill in the art that more than two print 
heads 1, 2 may be utilized to increase the swath height and the example of two 
vertically offset print heads 1, 2 described herein is provided only for illustrative 
purposes. The print heads 1, 2 in this illustration each contain a column of 
nozzles 46, 50, through which the ink droplets are expelled and deposited rrpon 
30 the print medium. As is known to those of skill in the art, the ink ejection 
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orifices, or nozzles 46, 50, of many commonly used jet plates, which form part of 
the print heads 1, 2, may be arranged in two or more horizontally separated 
vertical columns. Within each column, the position of the nozzles 46, 50 may 
also be made to vary slightly in the horizontal direction for various reasons that 
5 are not pertinent to the present invention. Vertically, however, the nozzles 46, 50 

are arranged such that the uppermost nozzle ("nozzle 1") is in one column, and 
"nozzle 2" is 1/300 of an inch lower (in a 300 dpi printer cartridge) than nozzle 1 
and is in another column. In a jet plate utilizing two columns, nozzle 3 is then 
directly below nozzle 1 in the first column, but is vertically positioned l/300th of 
10 an inch below nozzle 2, i. e. 1/1 50th of an inch below nozzle 1 . The ink ejection 
nozzles continue in this interleaved fashion down to the last nozzle, which is in 
the column that has nozzle 2 at the top on jet plates with an even number of 
nozzles. Nozzles 46, 50 are displaced in this interleaved and columnar fashion for 
reasons not related to the present invention and it is to be noted that for 
15 simplification, all of the nozzles on a jet plate can be considered to fall into one 
column of nozzles 46, 50 on each jet plate with print head 1 , 2 printing successive 
columns of pixels as it passes over the media. 

Multiple nozzles proximate to the upper portion of the lower print 
head 1 overlap with multiple nozzles proximate to the lower portion of the upper 
20 print head 2; this may be referred to as an overlap region 32. The number of 

nozzles in the overlap region 32 may vary largely firom one design to the next and 
in the illustration, an example is provided where four nozzles firom the lower print 
head 1 overlap with four nozzles from the upper print head 2. The total effective 
swath height 30 and the height of the overlap region 32 are illustrated in Fig. 2, 

25 and the total effective swath height 30 being achieved by combining the swath 
height of each of the two offeet print heads 1, 2. Again, the total effective swath 
height 30 is that vertical extent of the media that is covered, or the number of 
raster lines that may be printed, during each pass of the printer. Therefore, the 
number of passes required, and necessarily the time required, to produce an image 
30 decreases as the total effective swath height 30 is increased. It should be noted 
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that the total effective swath height 30 for the combination of the two print heads 
1 , 2 is much larger than it would be for either of the two individually. While this 
illustration shows the use of two print heads to increase the total effective swath 
height 30, it should be recognized that utilizing more print heads can further 
5 increase the total effective swath height 30 and such embodiments can be used 
Furthermore, the use of an overlap region 30 of four nozzles 46, 50 from each 
print head 1, 2 is merely illustrative and it is understood that there is a variety of 
overlap amoimts that can be used. 

During printing, as the printer carriage moves across the surface of 
10 the print medium, the pbcels in tiiose raster lines that lie under overlapping 

nozzles 46, 50 can be printed on by either a nozzle 46 in the lower print head 1 or 
a nozzle 50 in the upper print head 2. For example, in Fig. 2 the raster line 200 
may have droplets deposited for each pixel by either the appropriate nozzle 202 
on the lower print head 1 or the corresponding nozzle 204 on the upper print head 
15 2. 

Figure 3 is an illustration of the ink droplets deposited in a single- 
pass full color fill by the overlapping region of a printer having two correctly 
aligned print heads 56, 60 that has printed several columns along the swath 
direction. In this figure, droplets deposited by the two print heads 56, 60 are 
20 distinguished among the two print heads 56, 60 using symbols. The letter “X” 
indicates droplets deposited by the upper print head 56, and the letter “0” 
indicates droplets deposited by the lower print head 60. This embodiment 
illustrates an image deposited by a printer that is configured such that for each 
raster line only one print head will ^ply ink droplets, meaning that there is a 
25 switch in the overlap region firom one print head 56 to the other print head 60 that 
occurs at a particular nozzle row. Thus, in this illustration, the overlap region is 
ten rows and the printer has selected the upper print head 56 indicated by X 
droplets to cover the top five rows, and the lower print head 60 indicated by O 
droplets to cover the bottom five rows. The transition in the overlap region from 
30 one print head 56 to the lower print head 60 occurs from the fifth to the sixth row 
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of nozzles. This is accomplished by disablin g the bottom five nozzles of the 
upper print head 56 and the top 5 nozzles of the lower print head 60. This results 
in an abrupt transition from the fifth raster line to the sixth raster line where ink 
deposition in the swath switches from being deposited by the upper print head 56 
5 to being deposited by the lower print head 60. 

The image produced by each of the ink dr oplets deposited by the 
nozzles can be unique to the print head that produced them. Many factors can 
influence the extent to which such differences exist from print head to print head. 
Manufacturing tolerances, inherent resistive heating differences and small 
10 differences in pressure supplied to the nozzle may combine with other fector's to 
produce such rrrrique results. Because of this tendency, even the image quality 
from correctly aligned print heads may suffer degradation in the transition from 
the nozzles of one print head to those of another. 

In this illustration, the print heads 56, 60 are aligned correctly both 
15 horizontally and vertically. If the print heads are not aligned con ectly, the lowest 
row of X’s may be too close to the upper row of O’s, or each column of X’s may 
be vertically misaligned with the corresponding colrmm of O’s. In several of the 
figrrres that are discrrssed below, examples of variorrs types of nrisalignment that 
may occur' in such multiple print head printers are discussed. 

20 Figure 4 is an illustration of the ink droplets deposited in a single- 

pass full color fill by the overlapping region of an inkjet printer having two print 
heads that are horizontally misaligned. Again, in this figure, droplets deposited 
by the two print heads 56, 60 are distinguished among the two print heads by 
using X’s for the droplets from the upper print head 56 and O’s for the droplets 
25 from the lower print head 60. In this illustration indicating that the two print 
heads 56, 60 are horizontally nrisaligned, the droplets are disposed in a 
horizontally offset manner. There may be multiple reasons why horizontal 
misalignment may occur, which may mclude mechanical misalignment or an 
inappropriate firing timing, hi any case, when a printer is in such a condition, a 
30 discontinuity in the image is created. In Fig. 4, the X’s in the top five raster lines 
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are not directly above the corresponding O’s in the bottom five raster lines as they 
are supposed to be 

Figure 5 is an illustration of the ink droplets deposited in a single- 
pass full color fill by the overlapping region of an ink jet printer having two print 
5 heads that are vertically misaligned. Again, the droplets deposited are 

distinguished among the two print heads 56, 60 by using X’s for the droplets firom 
one print head 56 and O’s for the droplets from the other. In this illustration 
indicating that the two print heads 56, 60 are vertically misaligned, the droplets 
are disposed in a vertically offset manner. The vertical distance between the 
1 0 droplets Ifrom the top row of active nozzles of the bottom print head 56 and those 

droplets firom the bottom active row of nozzles of the top print head 60 is not the 
same as the space between any two rows of droplets fi^om the same print head 56, 
60. This may be due to a mechanical problem in the positioning of the upper 
print head 56 with respect to the lower print head 60. 

1 5 Figure 6 is an illustration of the ink droplets deposited in a single- 

pass full color fill by the overlapping region of an inkjet printer having two print 
heads that are horizontally and vertically misaligned. In this illustration, the 
droplets are disposed in a manner indicating the worst case misalignment 
scenario; the two print heads 56, 60 are both vertically and horizontally 
20 misaligned. This misalignment may produce especially visible horizontal banding 
at the transition between the fifth and sixth raster lines. 

It has been found that the discontinuities discussed above can be 
significantly reduced by dithering between overlapping nozzles in the raster lines 
in the overlap region. Dithering may be explained as a method of printing a raster 
25 line by assigning some pixels in a raster line to nozzles that are on print head 56, 
and the rest to a nozzle on the other print head 60. For irrstance, a particular' raster 
line may have 500 pixels to receive droplets. In a dithering pattern, not all of 
those droplets will come fi-om a single print head 56, 60; some will come from 
one print head 56 and the rest will come from the other print head 60. 
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Figure 7 is an illustration of the ink droplets deposited in a single- 
pass full color fill by the overlapping region of an ink j et printer having two 
correctly aligned print heads that uses dithering to improve the print quality. 
Again, the droplets in Fig. 7 are distinguished among the upper and lower print 
5 heads 56, 60 by X’s and O’s, respectively. Fig. 7 illustrates a method of 

improving print quality in such a circumstance, this method being dithering some 
or all of the raster lines in the overlap region to transition fi-om one print head 56 
to the next In the embodiment illustrated in Fig. 7, the pixels of the first raster 
line are all covered with droplets from the upper print head 56 while the pixels of 
10 the tenth raster line are all covered by droplets from the lower print head 60. The 
pixels of the eight other raster Imes in the overlap region are covered by using a 
dithered pattern. For each of these eight raster lines, some of their pixels are 
covered by droplets from the upper print head 56 and the rest of their pixels are 
covered by droplets from the lower print head 60. By this method, the abmpt 
1 5 transition from one print head at one raster line to the other print head at the 

adjacent raster line is avoided. 

The dithering pattern utilized in Fig. 7 is merely exemplary and it 
is understood that there are numerous combinations of patterns that may be 
utilized. For example, in an overlapping region of four rows, the lowest row may 
20 comprise all droplets from the lower print head 60; the second row from the 

bottom may comprise twenty five percent of the pixels from the upper print head 
56 and the rest from the lower print head 60; the third row from the bottom may 
comprise twenty five percent of the pixels from the lower print head 60 and the 
rest from the upper print head 56; and the top overlqjping row may comprise all 
25 of the pixels from the upper print head 56. From this one example, it is clear that 
a wide variety of dithering patterns are possible. Some advantageous 
embodiments have an approximately equal distribution in the middle, smoothly 
transitioning to one print head 56, 60 or the other towards the edges of the overly 
region. Instead of the stark transition from one print head to the next as illustrated 
30 in Figs. 4, 5, and 6, dithering between print heads in the overlap region allows for 




wo 02/096656 



PCT/US02/16084 



- 12 - 

a gradual change and spreads the effects of any existing misalignment or 
discontinuities between the print heads 56, 60 thereby improving print image 
quality without expensive and problematic mechanical alignment schemes. 

Figure 8 is an illustration of the ink droplets deposited in a single- 
5 pass ftih color fill by the overlapping region of an ink jet printer having two print 
heads that are vertically misaligned utilizing dithering to improve the image 
quality. The exemplary dithering pattern is utilized in this embodiment to obscure 
the vertical misalignment of the two print heads 56, 60 thereby improving the 
overall image quality. Again, the exemplary dithering pattern of Fig. 8 is used for 
10 illustrative purposes only and many different patterns may advantageously be 
utilized. 

Figure 9 is an illustration of the image pattern produced by fire 
overlapping region of an inkjet printer having two print heads 56, 60 that are 
horizontally and vertically misaligned, and where dithering is used to improve the 
15 image quality. In tiiis figure, the worst case scenario illustrated above by Fig. 5 is 
improved by the utilization of dithering to mask the effects of the compound 
misalignment. Through the use of dithering, the banding provided by compound 
misalignment is replaced with dispersed and, thus, less apparent inaccuracies. 
Again, the image quality folloAving such dithering may be suitable for many 
20 applications and is a substantial improvement over the image produced by the 
compound misalignment without dithering that is illustrated in Fig. 5. 

Figure 10 is an illustration of the ink droplets deposited in a single- 
pass full color fill by the overlapping region of an ink jet printer employing an 
example of dithering and timing offset to correct horizontal and vertical 
25 misalignment In Fig. 10, the use of ditheiing, described above and illustrated in 
Fig. 7 is further improved by including a timing correction, otherwise referred to 
as offset, to improve the horizoiital misalignment The image quality of Fig. 10 is 
a vast improvement over the worst case misalignment described above and 
illustrated in Fig. 7. To correct the misaligmnent problem, the timing of the firing 
30 of the droplets from each print head may be altered For instance, it may be 
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desirable to delay the firing of the nozzles of the leading print head 56 a short 
amount of time so that the droplets deposited from that print head 56, indicated by 
X’s, correctly align with those of the trailing print head 60, indicated by O’s. 

This correction may be referred to as offset and preferably takes place in the 
5 firing control circuitry of the printer. Advantageoiisly, a printer may be designed 
wherein the firing of each print nozzle is controlled by an independent signal from 
the control circuitry so that each of them may be controlled separately. Such 
independent control would allow for offset correction to correct, theoretically, any 
horizontal misalignment of the multiple print heads. 

10 The process utilized to correctly align the multiple print heads can 

take several forms. First, the printer can create a number of test patterns which 
might be vertical lines dmwn by the print heads using different timing signals and 
the operator could indicate to the printer which timing signal is most appropriate 
by indicating which pattern looks the best to the user. Alternatively, the printer 
1 5 may be equipped with a light source and a linear CCD array, or some other linear 

photosensor, such that it could automatically sense the misalignment of 
corresponding droplets from the print heads and thereby calculate the ofifeet 
period necessary to adequately compensate for the misalignment. U.S. Patent No. 
5,297,017 to Hasselby and entitled “PRINT CARTRIDGE ALIGNMENT IN 
20 PAPER AXIS,” which is hereby incorporated by reference for aU that it teaches, 
provides a discussion of such an offset system. Advantageously, the method 
utilized resolves the offset in increments smaller than the printer resolution. By 
individually controlling the firing of the two print heads, any horizontal 
misalignment of the heads can be corrected and the image illustrated in Fig. 3, 

25 having proper horizontal alignment, can then be generated. 

Through avoidance of complicated mechanical systems and control 
circuitry typical in systems that reposition one or more of the print heads, image 
quality is greatly improved for applications that caimot make economical use of 
such complex systems. Advantageously, the dithering and offset corrections 
30 described herein merely require an alteration to print control circuits as they 
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currently exist Through the adaptation and utilization of currently existing 
control functions, the image quality of an ink jet printer can be substantially 
increased with relatively minor changes and without added expense. , 
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WHAT IS CLAIMED IS: 

1 . A method of inkj et printing by a printer having at least first 
and second print heads of the same color, the method comprising the steps of: 

passing a first nozzle on said first print head and a second nozzle 
on said second print head over a raster line; and 
5 expelling a plurality of ink droplets from said first nozzle on said 

first print head and said second nozzle on said second print head such that said 
raster line is partially printed by said first nozzle and partially printed by said 
second nozzle. 

2. The method of inkjet piintmg of Claim 1 , further 

10 comprising controlling timin g of the expelling of ink droplets fi'om each of the 

print heads independently such that the timing of expelling from the first print 
head may be altered relative to the second print head. 

3 . A method of depositing an image onto a print medium by a 
printer having at least a first print head and a second print head containing the 

1 5 same color, said method comprising depositing a plurality of drops of ink fix>m 

the first and second print heads along a plurality of lines of print onto the print 
medium such that a number of the plurality of drops of ink comprising at least one 
of the plurality of lines of print are deposited from both the first print head and 
the second print head. 

20 4. The method of inkj et printing of Claim 3 , further 

comprising controlling the timing of the deposition of ink droplets form the at 
least first print head and second print head independently such that the timing of 
deposition from the first print head may be altered relative to the timing of 
deposition from the second print head. 

25 5. In an inkjet printer having at least two common color print 

heads with overlapping segments, a method of improving print quality, the 
method comprising dithering between nozzles in the overlapping segments such 
tihat at least one raster line has some ink droplets deposited by a first one of said at 
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least two print heads and some ink droplets deposited by a second one of said at 
least two print heads. 

6. A method of ink j et printing in a printer having at least first 

and second common color print heads with corresponding first and second 
5 overlapping segments, said method comprising: 

printing a first subset of pixels of a raster line with a nozzle in said 
first overlapping segment; and 

printing a second subset of pixels of said raster line with a nozzle 
in said second overlapping segment. 

10 7. A method of improving print quality in an ink jet printer 

having at least first and second common color print heads positioned so as to 
define and overlapping region of nozzles, said method comprising allocating ink 
deposition between said first and second print heads so as to form a smooth 
transition between depositing all.ink with said first print head and depositing all 
1 5 ink with said second print head. 

8 . An inkjet printer having at least first and second common 
color printheads, comprising: 

means for passing a first nozzle on said first print head and a 
second nozzle on said second print head over a raster line; and 
20 means for expelling a plurality of ink droplets from said first 

nozzle and said second nozzle such that said raster line is partially printed by said 
first nozzle and partially printed by said second nozzle. 

9. An inkjet printer having at least first and second common 
color printheads with corresponding first and second overlapping segments, 

25 comprising: 

means for printing a fast subset of pixels of a raster line with a 
nozzle in said firs overlapping segment; and 

means for printing a second subset of pixels of said raster line with 
a nozzle in said second overlapping segment. 
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1 0. An inkj et printer for depositing a plurality of raster lines 
consisting of discrete ink droplets on a print medium, comprising; 

a print carriage located near the print medium configured to move 
back and forth across the print medium; 

5 at least first and second print heads of a common color located on 

the print carriage, the at least first and second print heads each comprising a 
plurality of nozzles for depositing ink droplets onto the print medium, wherein the 
at least first and second print heads are located adjacent to one another and are 
offset from one another in the direction of the columns of nozzles, wherein the 
10 plurality of nozzles on each of the at least first and second print heads are 

arranged to define partially overlapping columns that are generally perpendicular 
to the movement of the carriage; and 

a print controller configured to deposit ink onto a raster line such 
that ink on a raster fine is deposited by more than one of the at least first and 
15 s econd print heads . 

1 1 . The inkj et printer of Claim 1 0, further comprising: 

separate print head control signals for each of the at least first and 

second print heads. 

12. An inkj et printer, comprising: 

20 a print carriage; 

at least two common color print heads each having a plurality of 
nozzles that deposit discrete ink droplets onto the print medium to form multiple 
printed raster lines, the plurality of nozzles being generally disposed of on the 
print heads in columns that are perpendicular to the multiple printed raster lines; 
25 wherein the at least two print heads are located on the print 

carriage such that at least one of the plurality of nozzles on one of the at least two 
print heads is positioned to deposit ink onto the same one of the multiple print 
lines as one of the plurality of nozzles on another of the at least two print heads; 
and 
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wherein at least one of the multiple printed raster lines is formed 
by ink droplets deposited by more than one of the at least two print heads. 

13. The inkjet printer of Claim 12, further comprising: 

means for individually timing the deposition of each of the discrete 

5 ink droplets, wherein the timing may be altered as necessary to correctly deposit 
the discrete ink droplets onto the print medium. 

14. The inkjet printer of Claim 12, further comprising means 
for allowing a user to select the best timing of deposition by the at least two print 
heads. 

10 15. The inkjet printer of Claim 9, further comprising means for 

automatically adjusting the timing of the deposition of the discrete ink droplets. 

16. The inkjet printer of Claim 1 5, wherein the means for 
automatically adjusting the timing of the deposition of the discrete ink droplets 
includes a CCD array and a timing control circuit. 
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FIG. 3 
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FIG. 4 
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Vertically Misaligned Print Heads 
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WORST CASE: Horizontally and Vertically 




FIG. 6 
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Correctly Aligned Print Heads 
Improved by Dithering 55 

60 
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Dithering to Correct Vertically 




FIG. 8 
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Dithering Utilized to Improve Horizontally and 




FIG. 9 
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Dithering and Offset Utilized to Improve Horizontally and 
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